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0 Method for producing ceramic oxide superconductor. 

0 A method for producing, on a substrate, a super- 
conductor having a composition of the formula: 

M%M»yM^ (I) 
wherein is at least one -riement selected from the 
elements of the la. Ha and ItIa groups. is at least 
one element selected from the group consisting of 
elements of lb, lib and lllb groups and M' is at least 
one element selected from the group consisting of 
oxygen, nitrogen, fluorine, carbon and sulfur, which 
comprises flame spraying a raw material selected 
from the group consisting of complex ceramics com- 
prising the elements M\ and and a mixture of 
-^the elements M\ and M* or compounds each 
^comprising at least one of the elements M\ and 
M^ and optionally heating a complex of the super- 
conductor and the substrate. 
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METHOD FOR PRODUCiUQ CERAMIC OXIDE SUPERCONDUCTOR 



BACKGROUND OF THE INVENTION 
Reld of tt>e Invention 

The present Invention relates to a method for 
producing a ceramic oxide superconductor. More 
particularly, it relates to a method tor producing a 
ceramic oxide superconductor by flame spraying 
on a substrate to form a composite material com- 
prising a substrate and said ceramic superconduc- 
tor. 



Description of the Related Art 

Recently, ceramic oxide superconductors with 
a high critical temperature Tc have attracted much 
attention. As such high Tc ceramic superconductor, 
those having a perovskite type crystal structure are 
known and have Tc not lower than 30K. 

Generally, the ceramic superconductor is pro- 
duced by .molding powdery compounds, such as 
oxides and carbonates of elements which constitute 
the superconductor in a desired shape followed by 
sintering. 

Since the molding for pressing the. powder is 
essential in the conventional method, the supercon- 
ductor cannot be shaped in a desired shape in 
some cases. For example, the powdery raw materi- 
als cannot be shaped in an elongate form or in a 
thin .wire form. Therefore, a superconductive wire 
or a thin wire for superconductor device cannot be 
produced by the convenuonal method. 



SUMMARY OF THE INVENTION 

One object of the present invention is to pro- 
vide a method for producing a superconductor 
composite material comprising a substrate and a 
superconductor layer formed thereon, which has an 
arbitrary shape such as a long wire and a thin wire. 

Another object of the present invention Is to 
provide a method for producing a superconductor 
on a substrate, in which the superconductor is. 
hardly peeled from the substrate. 

A further object of the present invention is to 
provide a method for producing a superconductor 
on a substrate in which an oxygen content in the 
superconductor is easily adjusted. 

According to the present invention, there is 
provided a method for producing, on a substrate, a 
superconductor having a composition of the for- 
mula: 



M\M2;M3, (I) 
wherein M' is at least one element selected from 
the elements of the la. lla and Ilia groups, is at 
least one element selected from the group consist- 

s ing of elements of lb. lib and Itib groups and Mf^is 
at least one element selected from the group con- 
sisting of oxygen, nitrogen, f luorine , carbon and 
sulfur, which comprises flame spraying a raw ma- 
terial selected from the group consisting of com- 

to plex ceramics comprising the elements M\ M* and 
M^ and a mixture of the elements M'. M^ and M^ or 
compounds each comprising at least one of the 
elements M\ M^ and M^ and optionally heating a 
composite material of the superconductor arid the 

15 substrate. 



BRIEF DESCRIPTION OF THE DRAWINGS 

20 Fig. 1 shows a method for producing a 

superconductor composite material according to 
the present invention. 

Fig. 2 shows a method for producing an 
elongate superconductor composite material ac« 
25 cording to the present invention, and 

Rg. 3 is a cross section of a superconductor 
' composite material produced in Example 3'or 4. 



ao DETAILED DESCRIPTION OF THE INVENTION 

According to the method of the present Inven- 
tion, the complex ceramics comprising the ele- 
ments M\ M2 and M3 or the mixture of these 
j5 elements or of the compounds of these elements Is, 
fla me spray ed on the substrate. When a substrate 
of a desired shape such as a wire or a tape is used 
or when the raw material is flame sprayed in a 
desired pattern, a superconductor composite ma- 
40 terial having a desired shape can be produced. 

When the ceramic superconductor itself is 
used as the complex ceramics, the produced 
superconductor has excellent superconductive 
properties without post-heating. 

In a preferred embodiment, irrtead of flame 
spraying all the raw materials, the elements M^ and 
M?-^or their compounds are flame sprayed oh the 
substrate and then heated in an atmosphere con- 
taining the elem|QLM? or tho compound compris- 
so ing the element M^. In this case, a concentration of 
the element M^ in the heating atmosphere is pref- 
erably not smaller than 10 aiornic %. In a modified 
erribcJiment, the flame spraying can be carried out 
in the p^jonco of thQ , element M^ to incorporate it 
in the sprayed material, whereby the elements M' 
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and tfi more homogeneously and reliably react 
With the element during post-hea tinQ in the 
atmosphere containing the latter element 

The flame spraying can be carried out by any 
of conventional methods such as a thermospray 
process in which powdery raw materials are melt 
by oxygen*acetylene flame and injected and a 
plasma process in which powdery raw materials 
are supplied in high temperature high pressure 
plasma to melt them and melt materials are in* 
Jected. 

The flame spraying may be carried out under 
elevated, normal or reduce d pressu re in the pres- 
ence or absence of the element in various 
atmosphere according to the kinds and composi* 
tion of the elements contained in the raw materials 
and so on. Generally, when the spraying is carried 
out under the reduced pressure, the supercoruluc* 
tor with high consistency and good quality can be 
produced. 

The thickness of the superconductor formed on 
the substrate is not critical in the present invention 
and depends on the desired superconductive prop* 
erties, proper ties of the substrate, kinds and com- 
position of the elements constituting the supercon- 
ductor and so on. Preferably, the thickness is from 
10 um to 3 mm. 

As the raw material for the flame spraying, any 
of the complex ceramics comprising the elements 
M\ MP and and the elements M\ and 
themselves or their compounds can t>e used. Ex- 
amples of the compounds of the elements inctude 
0)^idfi9. cart jonates and fluorides. The complex ce- 
ramics as the raw material may be prepared by 
presintering the compounds comprising the ele- 
ments M\ Nfi and/or M^. 
r--^"^ the atmosphere containing the element M*. 
oxygeo gas, nitrogen gas, fluorige gas, carbon 
dioxide gas. sulfrous acid gas and mixtures thereof 
^ are exemplified. 

Examples of the la group elements are LLNa, 
K, Rb ^Cs j tnd Pr. and examples of the lb group 
elements are Cu^^g^d Au. 

Examples of the lla group elements are Be, 
Mg. Ca, 8r, Ba and Ra. and examples of the lib 
group elements are Zn. Cd and the like. 

Examples of the Ilia group elements are Sc,jr^ 
lanthanolds (e.g. La, Ce, Pr, Nd. Pm. Sm. Eu. Qd, 
Tb, Oy. Ho. Er. Tm, Yb and Lu) and actlnoids (e.g. 
Ac. Th, Pa and Cf). and examples of tilb group 
elements are Al, Qa, In and Tl. 

Among the Mperconductors, those comprising 
at least one element selected from the lb group 
elements, at least one element selected from the 
lla and Ilia group elements and lanthanolds and at 
least one element selected from the group consis^ 
tng of oxygen, cartXHi and sulfur are prefen^, 
since the superconductor comprising those ele- 



ments has higher Tc. Among the ib group ele- 
ments. Cu and Ag are more preferred. 

Particularly, the superconductor having much 
improved superconductive properties can be pny 

5 duced. when the superconductor contains, as the 
elemwts, at least two elements elected ftrom 
the elements of tfw la. Ita and Ilia groups, for 
example, a combination of Y and Ba or La and Sr 
are used, or when the ceramic superconductor as 

ro such is flame sprayed. 

The substrate is selected from wide variety of 
materials.^ Examples of the substrate are inorganic 
materials (e.g. gl ass, metals, ceramics,, quartz, 
etc.) and organic ; mate rials (e.g. organic polymers. 

rs etc.). 

The substrate may be of any shape, ^tot only a 
plate but also a wire, a tape, a sheet and a btock 
can be used according to the end use of the 
superconductor composite material. 

so When the substrate is an elongate substrate such 
as the wire and the tape, it is unwound from a 
supply reel and then the raw material is continu- 
ously flame sprayed around the substrate or on a 
desired surface of the substrate. The produced 

2$ elongate superconductor composite material is 
wound by a take-up reel. Thereby, the elongate 
superconductor composite material is continuously 
produced. 

The sub strate may be preh eated to a tempera- 
30 ture not lower than SOO*C. By the preheating of the 
substrate, the superconductor having better super- 
conductive properties can be produced. 

If desired, the produced superconductor com- 
posite material may be heated at a high tempera- 
35 ture. fbr example, not tower than 500*C. preferably 
not lower than 800*C, more preferably not lower 
than 940*C to improve the superconductive prop- 
erties. 

During such irast:heating of the superconductor 
40 composite material, the ceramic superconductor 
may be peeled from the substrate due to the 
difference of coefficients of linear expansion t>e- 
tween the superconductor and the substrate. 
Therefore, the substrate preferably has a coefH* 
45 cient of linear expanston of not larger than 15 * 

Examples of the materials having such coeffl- 
cient of linear expansion are alum!nurTLJ)xide 
(AWh). iron-42 % ni ^rkei allo y, silicon nitride 

50 (Sisl^). beryllliuiU2xfdsJ,BeO), iron. platinunC^ 
sten and the like. 

If the post-heated superconductor composite 
material is rapidly cooled, peeling of the supercon- 
ductor from the substrate'ie enhanced b^' Internal 

55 stress caused by shrinkage. Therefbre. the posh 
heated superconductor is preferably cooled gradu- 
ally. A cooling rate depends on various factors 
such as the kind of the substrate and the composl- 
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Hon of the superconductor. Usually, the cooling rate 
is from 100 to 300*C per hour. To prevent the 
change of superconductor composition, the post- 
heated superconductor composite material is pref- 
erably cooled in an atmosphere containing the eie* 
ment M^. 

Generally, the flame spraying is carried out in 
the presence of oxyg en, especially in the _air. The 
content of oxygen in the flame spraying atmo* 
sphere is usually from 10 to 100 % by volume, 
preferably from 16 to 60 % by volume. 

If the flame spraying is carried out in the pres- 
ence of oxygen, the superconductor catches oxy 
gen or reacts with oxygen and therefore an excess 
amount of oxygen is contained in the formed 
superconductor, which results in deviation of com* 
position of the superconductor from the intended 
composition or decrease of the superconductive 
properties such as the critical temperature and the 
critical current density. 

in such case, the superconductor composite 
material is pqst^heated in an oxygen-free atmo- 
sphere to eliminate excess oxygen from the super- 
conductor so as to adjust the composition. The 
post-heating in the absence of oxygen can be 
carried out at substantially the same temperature 
as th^ above described post-heating. The "oxygen- 
free atmosphere" herein used is Intended to mean 
an atmosphere containing substantially no oxygen 
and includes a reducing atmos phere such as a 
hydrogen atmosphere and a carbon monoxide at- 
mosphere, an inert gas atmosphere such as nitro- 
gen, helium and argon, and an atmosphere having 
reduced pressure of. tor example, not higher than 
10 Tonr. 

In another measure tor preventing the excess 
oxygen in the tormed superconductor, a content 
it) of the element In the raw material is made 
smaller than the content (<) of the element in 
the tormed superconductor. Thereby, it is made 
possible to control a supply amount of oxygen 
during flame spraying and in turn the content (z) of 
the element in the formed superconductor. 
More particularty. when a relationship between a 
set of the content r of the element in the ra^ 
material, the oxygen content in the flame spraying 
atmosphere and the supply amount of oxygen with 
the content z of the element in the produced 
superconductor is established, the content 2 can be 
precisely controlled. The content r of the element 
MP in the raw material may be suitably adjusted 
according to the oxygen content in the flame 
spraying atmosphere and other spraying condi- 
ttons. Preferably, the contents r and i satisfy the 
tollowing equatton: 

o.i<r/*<i.o 
•specially 
02<ir/t<0.5. 



The method for producing the superconductor 
on the substrate is illustrated by making reference 
to the accompanying drawings. 

Fig. 1 schematically shows a method tor flame 
s spraying the raw material on the substrate 1 to 
torm a superconductor layer 3 on the substrate. 

The raw materials such as the complex ceram- 
ics, the elements or tfie compounds are sprayed 
from a spray nozzle 2 on a suitable surface area of 
10 the substrate. Thereby, the superconductor layer 3 
is formed to produce a superconductor composite 
material 4. 

Rg. 2 shows a method for forming a supercon* 
ductor layer on an elongate substrate such as a 

IS wire and a tape. An etongate substrate 11 is un« 
wound from a supply reel 13. Then, the raw materi- 
als are flame sprayed around or on a surface of the 
elongate substrate from a nozzle 12 to form a 
superconductor layer. A superconductor composite 

20 material IS comprising the substrate 11 and the 
superconductor layer is wound on a take-up reel 
14. If desired, the wound composite material is 
subjected to post-treatment such as post-heating. 

25 

PREFERRED EMBODIMENTS OF THE INVEN- 
TION 

The present invention will be explained further 
30 in detail by following Examples. 

Example 1 

as On a copper tape as a substrate, a ceramic 
superconductive material having a composition of 
LaraSro^CuOi was flame sprayed to continuously 
form a ceramic superconductor film having sub- 
stantially the same composition and a thickness of 

40 0.5 mm on one surface of the substrate. 

The produced ceramic superconductor com- 
posite material was heated in an oxypen atmo- 
sphere at 900*0 for 6 hours and thereby the 
superconductive properties were further stabilized. 

45 The ceramic superconductor composite ma- 
terial had a critical temperature of 20K and no 
defect such as cracking. 



so Example 2 

On a copper tape as a substrate, a film of a 
material having a composition of U1.eSro.4Cu and a 
thickness of O.S mm was continuously formed, 
ss Then, it was heated In the oxygen atmosphere at 
900*C for 6 hours to torm a ceramic superconduc- 
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tor film having a composition of Lai «Sro 4Cu04. 

The ceramic superconductor composite ma- 
terial had a critical temperature of 20K and no 
deftet such as cracMng. 



Example 3 

On a copper tape as a sul>strate. powder of La, 
Sr and Cu was flame sprayed In the oxygen at- 
mosphere to continuously form a ceramic super- 
conductor film 3 having a composition of 
LareSro.4Cu04 on one surface the substrate as 
shown In Rg. 3. 

On the superconductor film 3. copper S was 
flame sprayed to produce a ceramic superconduc- 
tor composite material in which the superconductor 
film was sandwiched by the copper layers. The 
three layered ceramic superconductor composite 
material was heated in the oxygen atmosphere at 
800*C for 6 hours, and thereby the superconduc- 
tive properties were further stabilized. . 

The ceramic superconductor composite ma* 
terial had no defect such as cracking. 



Example 4 

. On a copper tape as a substrate, powder of 
YaO). BaCOi and CuO was ptasmasprayed to con- 
Hnuously form a ceramic superconductor film 3 
having a composition of Yo.3BaCuo.,0,i and a thick- 
ness of 0.3 mm on one surface of the substrate. 

. On the superconductor film 3, copper S was 
flame sprayed to a thickness of 0.1 mm to produce 
a ceramic superconductor composite material in 
which the superconductor film was sandwiched by 
the copper layers. The three layered ceramic 
superconductor composite material was heated in 
the oxygen atmosphere at SOO'C. Thereby, the 
superconductor having a composition of 
YojBaCuejOia and Improved properties was ob- 
tained. 

The ceramic superconductor composite ma- 
terial had a critical temperature of 50K and no 
defect such as cracking. 



posite material was heated in the air at 940*0 for 6 
hours and thiw^^aner cooled at a cooling rate of 
60*Clir to form a superconductor film having a 
composition of Yf BaaCusO? . 

Th^ ceramic superconductor composite ma- 
teria! had a critical temperature of 87K and no 
defect such as crwWng or peeling. 



ro Comparative Example 

The powdery raw materials prepared In the 
same manner as in Example 5 were plasma 
sprayed on a substrate made of aluminum oxide to 
fs form a ceramic superconductor film having a thick- 
ness of 100 um on the substrate. 

The produced ceramic superconductor com- 
posite material was heated in the tirjtt 400»C fbr 
15 hours and thereafter cootod at the same cooling 
20 rate as in Example 5 to fbrm a superconductor film 
having a composition of YtBaaCuaOy. 

The ceramic superconductor composite ma- 
terial had a critical temperature lower than that of 
Example 5. 

2S 



A mixture of YaOi (1.129 g). BaCOs (5.300 g) 
30 and CuO (3.600 g) was heated at 900»C fbr 12 . 
hours and then ground. 

The ground mixture was plasma sprayed on a 
surface of a substrate made of aluminum oxide to 
form a ceramic superconductor film having a thick- 
3S ness of 100 um on the substrate. 

The produced ceramic superconductor com- 
posite material was heated at 940*0 under re- 
duced pressure of 1 Torr. for 6 hours and there- 
after cooled at a cooling rate of 60*C/hr to fbrm a 
40 superconductor film having a composition of 
YiBajCuaOj. 

The ceramic superconductor composite ma- 
terial had a critical temperature of 83K and stable 
superconductive properties and no defect such as 
4S cracking or peeling. 



Example 6 . 



Example S 

A mixture of YiOi (1.129 g). BaCOa (5.300 g) 
and CuO (3.800 g) was heated at 900*C for 12 
hours and then ground. 

The ground mixture was plasma sprayed on a 
surface of a substrate made of aluminum oxide to 
fbnn a ceramic superconductor film having a thick- 
nesa of 1 00 um on Ifie substrate. 

The produced ceramic supercorKtuctor com- 



Example 7 

50 A mixture of Y|0* (1.129 g). BaOOi (5.263 g) 
and CuO (3.579 g) was heated at 900*0 for 12 
hours in a hy drooen atmosph ere (reducing atmo* 
sphere) and then ground. The composition of the « . 
ground raw materials were YtBat.|Cu4j0i. 

as The ground mixture was plasma sprayed on a • 
surface of a substrate made of aluminum oxide In 
the air to form a ceramic superconductor film hav* 
ing a composition of Y.BaiCujOi and a thicknesa 
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of 100 um on the substrate. 

The produced ceramic supeicoriductor com- 
posite material was heated in the air at 940*C lor 6 
hours and thereafter cooled to form a superconduc- 
tor film having a composition of Y.BaaCujO? and a 
Critical temperature of 85K and stable supercon- 
ductive properties. 



Ctalmt 

1. A method for producing, on a substrate, a 
superconductor having a composition of the for- 
mula: 

M',M»/^. (I) 
wherein M' is at least one element selected from 
the elements of the ia. lla and llla groups. is at 
least one element selected from the group consist- 
ing of elements of lb. lib and Ilib groups and is 
at least one element selected from the group con- 
sisting of oxygen, nitrogen, fluorine, carbon and 
sulfur, which comprises flame Spraying a raw ma» 
terial selected from the group consisting of com- 
plex ceramics comprising the elements M\ M* and 
M> and a mixture of the elements M'. M» and M» or 
compounds each comprising at least one of the 
elements M'. M» and M*. 

2. The method according to claim 1. wherein 
Is at least two element selected from tlie ele- 
ments of the la. lla and llla groups. 

3. The method according to claim 1, wherein 
the complex ceramics is a ceramic superconductor. 

4. The method according to claim 1. wherein 
the flame spraying is carried out under reduced 
pressure. 

5. The method according to claim 1. wherein 
the elements M' and M» or their compounds are 
flame sprayed, and the formed material is heated 
In an atmosphere containing the element to 
obtain a ceramic superconductor having the com- 
position (I). 

8. The method according to claim 1. wherein 
the substrate has a coefficient of linear expansion 
of not larger than IS » lO-*/*C. 

7. The method according to claim 1. wherein a 
composite material of the substrate and the ce- 
ramic superconductor Is heated at a temperature 
not lower than 500»C. preferably not lower than 
. eOO'C. more preferably not lower than 940»C and 

then gradually cooled. 

8. Th» method according to claim 6. wherein 
the composite material of the substrate and the 
ceramic superconductor is heated at a temperature 
not lower than SOO'C. preferably not lower than 
800*C. more prefsrably not lower than 940«C and 
then gradual.^ cooled. 



9. The method according to claim 7. wherein 
the composite material 1$ heated In an atmosphere 
containing the element M' in • concentration of not 
smaller than 10 atomic %. ^ 
s 10. The method according to claim 8. wherein 
the composite material Is heated in an atmosphere 
containing the element M> In a concentration of not 
smaller than 10 atomic %. 

11. The method according to claim 1. wherem 
10 the flame spraying is carried out in the presence of 

oxygen, and a composite material of the substrate 
and the ceramic superconductor is heated in an 
atmosphere containing no oxygen. 

12. The method according to claim 11. wherein 
IS the composite material is heated at a temperature 

not lower than SOO'C. 

13. The method according to claim 11. wherein 
the atmosphere containing no oxygen Is a reducing 
atmosphere 

20 14. The method wcordlng to claim 1 1 . wherein 
thO atmosphere containing no oxygen is an inert 
gas atmosphere. 

15. The method according to claim 11, wherein 
the atmosphere containing no oxygen is an at- 

as mosphere of redMed pressure. 

16. The method according to claim 1. wherein 
the flame spraying is carried out in the presence of 
oxygen, and the raw material contains the element 
M' in a content which is smaller than the content of 

30 the element M' in the fonned ceramic supercon- 
ductor. 
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